Symmetry energy coefficients of explicitely isospin asymmetric nuclear matter at variable densities (from .5ρ 0 up to 2 ρ 0 ) are studied as generalized screening functions. A previously derived expression for the (isospin) symmetry energy coefficient dependence on the neutron-proton asymmetry (b) is corrected and it indicates that in pure neutron matter A τ (neutron matter) = 2A τ (symmetric n.m.). An extended stability condition for asymmetric nuclear matter is proposed.
Introduction
The symmetry energy coeficients and their dependences on the density and n-p symmetry are of relevance, for example, for the macroscopic description of nuclear properties as well as for protoneutron and neutron stars. In the case of the neutron-proton (n-p) symmetry energy coefficient (s.e.c) of nuclear matter (a τ ) it represents the tendency of nuclear forces to have greater binding energies (E/A) for symmetric systems -equal number of protons and neutrons. It contributes as a coefficient for the squared neutron-proton asymmetry in macroscopic mass formula:
where H 0 does not depend on the asymmetry, Z, N and A are the proton, neutron and mass numbers respectively. Higher orders effects of the asymmetry (proportional to (N − Z) n for n = 2 [1] ) are expected, in principle, to be less relevant for the equation of state (EOS) of nuclear matter based on such parametrizations [2, 3] . a τ is also the parameter which measures the response of the system to a perturbation which tends to separate protons from neutrons. It is given by the static polarizability of the system (the inverse isospin screening function) which should depend on the asymmetry of the medium. Other symmetry coefficients may also be defined in nuclear matter, for instance the spin a σ and spin-isovector a στ . The former would correspond to the difference in the binding energy due the inclusion of a polarized nucleon in the medium whereas the second involves the distinction between neutrons and protons as well. A calculation for the static polarizabilities -proportional to the inverse of such symmetry coefficients in asymmetric matter -was done using Skyrme effective forces in [4, 9] .
In the present work we show that these coefficients may provide us with a check of the stability of nuclear matter with respect to the explicit isospin asymmetry. Other goals of this article is to correct one result of ref. [4] (expression (18) of this reference) and to articulate the idea that different Skyrmetype forces may be appropriate to the description of diverse phenomena at variable ranges of the nuclear density and asymmetry by extending the previous studies of s.e.c. Some Skyrme interactions will be used to assess the possible behavior of these functions. The parameters of one of the forces we use (SLyb) were fitted from results of neutron matter properties obtained from microscopic calculations in [5] . Other forces (SkSC4, SkSC6 and SkSC10), which have slightly different density dependencies, had their parameters fixed by ajusting a large amount of nuclear masses yielding the same results of the Extended Thomas Fermi method and shell corrections calculated by the Strutinsky-integral method [6, 7] .
This work is an extension of the work presented in [4] and it is organized as follows (we also correct one of the results presented in this last work (expression (18))) In the next section, which contains the main results of this article, we reproduce an argument previously developed to investigate generalized static polarizabities which allow for the study of the nuclear matter stability. In section 3 the static polarizabilities in the four channels of the particle-hole interaction with several Skyrme forces is studied in asymmetric nuclear matter at variable densities as derived from the linear response method. In the last section we summarize the results.
Generalized Symmetry Energy Coefficients
We review a qualitative argument from [8, 4] for exploring them. Let us consider a small amplitude (ǫ) external perturbation which acts, through the third Pauli isospin matrix τ 3 , in nuclear matter separating nucleons with isospin up and down 1 . This originates a fluctuation δρ = ρ n − ρ p ≡ β of the nucleon density. The energy of the system can be written as:
where A s,t is the neutron-proton (isovector) symmetry coefficient (s = 0, t = 1 -spin, isospin).
The polarizability is defined as the ratio of the density fluctuation to the amplitude of the external perturbation Π s,t ≡ β/ǫ which can be written as [4, 8] :
where we consider the general channel (s,t) as done in [9] .
Isospin dependence of A s,t
The neutron proton asymmetry coefficient used in the present work is defined by the neutron and proton densities ρ n , ρ p :
For the sake of generality and self consistency we take A s,t to be a function of the density fluctuation β itself. Although β is not (not necessarily) the explicit n-p asymmetry itself we consider that it depends on it. We consider these parameters are related to each other and that A = A(β) shortly.
In [9] two different prescriptions were discussed for β in the calculation of the response function of asymmetric nuclear matter. We have used the one which leads to the following relation between the fluctuation β and the explicit asymmetry (b):
Where δρ n is the neutron density fluctuation. In the n-p symmetric limit β = 2δρ n and in another limit, in neutron matter, β = δρ n . Considering this, we can expect that the dependence of A s,t on the asymmetry b is related to its dependence on the density fluctuation β. This allows us to write shortly:
A s,t = A s,t (β). The above prescription (5) is based on the assumption that the density fluctuations are proportional to the respective density of neutrons and protons, i.e., δρ n /β = ρ n /ρ, being ρ the total density. In spite of being rather well suited for the isovector channel, this kind of assumption can be considered as a starting point for the other channels (spin, scalar) in asymmetric nuclear matter.
Prescription (5) is therefore model-dependent and different choices for it yield other forms for the the (asymmetric) static screening functions. The dynamic response functions are less sensitive to this prescription [9] .
From the solution of the polarizability (3) we calculate the first derivative with relation to b:
Another expression can be obtained from the relation between b and β of (5). It yields:
Equating these two last equations we obtain:
From which it is possible to derive the following relation between the isospin s.e.c. and the n-p asymmetry:
In this expression A sym = a τ ≃ 30M eV is the s.e.c. of symmetric nuclear matter (b = 0) 2 . For b = 2 (neutron density three times larger than the proton density) we obtain A = 1.5A sym . In the limit of neutron matter A(b → ∞) = 2A sym . The prescription of expression (5) was the relevant information for this calculation. Any other relation between b and β will induce different asymmetry dependence of the symmetry energy coefficient. Another assumption for deriving expression (9) was that ρ is independent of b. This would be non trivial if one consider a complete self consistent calculation with the equation of state of a proto-neutron star, for example.
Stability of Asymmetric nuclear matter
Consider that the binding energy can be minimized with respect to β yielding an equilibrium state for nuclear matter. This means that: d(E/A)/dβ = 0, yielding a differential equation for A s,t as a function of β or (Π). In the case ρ is not dependent on β the solution for this stability condition is given by [4] :
where C is a constant. By requiring that the symmetric nuclear matter limit of this expression matches the usual result we find that:
They are related to the corresponding polarizability of symmetric nuclear matter Π s,t 0 by: Π
To really be a stable minimum of the binding energy the second derivative of the energy must be positive. Using the form given by expression (3), and the approximation that ρ 0 does not depend on β, we can write this second derivative as:
With the solution given by expression (10) we find, in the (s, t) channel, that:
The constant C may be positive (stable symmetric nuclear matter according to expression (11)) or negative and A and Π also may have negative or positive signs. It is possible to have a case where the symmetric nuclear matter is unstable, A sym < 0, a stable asymmetric nuclear matter can be obtained,
This is a curious result. It seems to indicate that the stability line of nuclei can occur, at least with its qualitative real behavior, without introducing Coulomb forces.
For the sake of comparison we quote the usual stability condition for a Fermi liquid in each channel of the interaction. It is given by:
where J s,t 0 stands for any of F 0 , F ′ 0 , G 0 , G ′ 0 respectively for the scalar (s = 0, t = 0), isovector (s = 0, t = 1), spin (s = 1, t = 0) and spin-isovector (s = 1, t = 1) channels [10] . These conditions correspond to the denominators of the response function of symmetric nuclear matter at zero temperature and at saturation density.
Screening functions with Skyrme forces
In this section in in the next one we extend the analysis of [4] . A nearly exact expression for the dynamical polarizability of a non relativistic hot asymmetric nuclear matter at variable densities was derived with Skyrme interactions in [9] . The approximations were: (i) to equate the asymmetry coefficient defined for the momentum density to the density asymmetry coefficient (the variation of the corresponding term yields differences in the response function of less than 1%), (ii) to choose a particular (discussed and justified [9] ) prescription for the asymmetry density fluctuations -expression (5).
The general static screening functions A s,t in asymmetric nuclear matter at finite temperature can be written as [9] :
The densities ρ v , M v and N v are given respectively by:
where v stands for n-p asymmetry coefficients (c, d) defined below (a measure of the fraction of neutron densities). The above densities are defined by:
In these expressions f q (k) are the fermion occupation numbers for neutrons (q = n) and protons (q = p) which will be considered only for the zero temperature limit. V 0 and V 1 are functions of the Skyrme forces parameters (see in [9] ) and M * p = m * p /(1 + a/2) is a modified effective mass for the proton. Besides that, the four asymmetry coefficients are:
(The coefficient b is related to a frequently used asymmetry coefficient: α = (2ρ 0n − ρ 0 )/ρ 0 , by the expression: b = 2α/(1 − α).)
Results for Skyrme interactions
In Figure 1 we show the generalized isovector symmetry energy coefficient A 0,1 as a function of the ratio of the nuclear density to the saturation density (ρ/ρ 0 ) for Skyrme interactions SLyb [5] , SkSC4, SkSC6 and SkSC10 [6, 7] . Since Skyrme forces are not necessarily expected to describe physics at high densities we investigate the behavior of the symmetry energy coefficients (s.e.c. which can also be called generalized screening functions for each channel) up to 2 ρ 0 . The symmetry energy coefficient for some of the forces in Figure 1 reach a maximum value when ρ 0 < ρ ≤ 1.7ρ 0 and then decrease. In Figure 2 the same parameter, A 0,1 , is shown again as a function of ρ/ρ 0 for the interactions SLy, SkSC4 and SkSC6 for non zero n-p asymmetries, i.e., for b=.25 and b=.54, the latter corresponds to a density asymmetry of the nucleus of 208 P b. The absolute values of the isovector symmetry energy coefficient increase with relation to the symmetric nuclear matter but the behavior with varying ρ is nearly the same in general. However for the force SkSC6 the isovector screening function has a higher slope in this range of densities. The same coefficient as a function of the n-p asymmetry b is shown in Figure 3 at the densities 0.5, 1 and 2ρ 0 . Again we note different behaviors depending on the force. For the forces SLy and SkSC4 the s.e.c. increases, as noted above, for higher densities and n-p asymmetries but for ρ = 2ρ 0 the values are smaller at higher asymmetries. For the force SkSC6 the higher the density the higher the slope with b. The trend is that the interaction becomes more repulsive.
The spin symmetry energy coefficient is plotted in Figures 4, 5 and 6 as a function of ρ/ρ 0 and b respectively. In Figure 4 one sees that, for increasing densities, A 1,0 may have different slopes. For the interactions SkSC4, SkSC6 and SkSC10 the spin-symmetry energy coefficient is already negative at low densities and decrease still more with ρ. This feature is clear in Figure 5 where the same spin s.e.c. is shown for non zero n-p asymmetries. In Figure 6 the spin symmetry energy is shown as a function of b with forces SLy, SkSC4 and SkSC6 for some different densities. The common trend is the increase of A 1,0 with b, i.e., at very asymmetric matter the spin interaction tends to become more repulsive. However the behavior with b is different for each effective force.
The spin-isospin symmetry energy coefficient for symmetric matter (b = 0) as a function of ρ/ρ 0 is shown in Figure 7 . For all the forces, A 1,1 are decreasing functions of the density and it becomes negative between ρ ≃ 1.8ρ 0 and 2.1ρ 0 . In Figure 8 the same analysis holds for asymmetric matter for b = .25 and .54. However, with increasing asymmetry, the instability point is changed differently for each of the forces. This is very interesting as well. In Figure 9 shown for different nuclear matter densities (below, equal to and above the saturation density). It can be noted that for the force SLyb the increasing n-p asymmetry makes the spin-isovector interaction continuously more repulsive instead of allow for attractiveness while the opposite behavior is found for SkSC6. Skyrme interactions are able to reproduce roughly well maybe any kind of realistic dependence of the (generalized) symmetry energy coefficients.
For the scalar symmetry energy coefficient as a function of ρ/ρ 0 , Figures 10 and 11 show that, roughly speaking, all the interactions are attractive or weakly repulsive at low densities. This may be related to the instabilities found, for example, in [11] . However it is interesting to see in Figure   11 that with the increase of the n-p asymmetry the scalar symmetry energy coefficient is reduced for lower densities but not necessarily at higher ρ. It depends on the interaction. This is well seen in Figure 12 for A 0,0 as a function of b with a curious exception for force SLy at a density 2ρ 0 . This may be interpreted as a general tendency of resulting instabilities for (very) asymmetric nuclear matter.
Therefore, in principle, different values can be expected for the symmetry energy coefficients in nuclei and neutron stars. This can be coped within the above considerations -for the isovector channel an analysis was done [4] based on results of, for example, Onsi et al [7] . In the spin channels (which were not analysed in [4] ) it is possible to expect spin polarized asymmetric matter yielding magnetic fields in neutron stars, as discussed in [12] , according to the results in figures 4,5 and 6 for forces the SkSC.
However with the increase of b we find that the spin interaction may be rather repulsive, hindering this magnetization effect with the use of these Skyrme forces in the range of densities analysed here.
Summary
Summarizing, the dependence of the s.e.c. on the n-p asymmetry was studied extending the results of ref. [4] as well as correcting one expression (18) of that article. The new expression for the n-p symmetry energy dependence on the asymmetry b reads:
It presents a more reasonable behavior than the previous one because in the limit of neutron matter we obtain: A neut = 2a τ , i.e., a finite value. A new stability condition for an asymmetric nuclear medium was proposed. It is given by:
Where C is a constant for each channel. Generalized symmetry energy coefficients of asymmetric (non relativistic) nuclear matter at variable densities were investigated. Their density and n-p asymmetry dependences were analysed for different Skyrme forces which may yield very different behaviors including the possibility (or not) of nuclear matter to undergo phase transitions. These forces can describe different behaviors of the symmetry energy coefficients. Although one should not believe that only one Skyrme force parametrization could account for the description of all nuclear observables at different densities, temperatures and n-p asymmetries it is acceptable the idea that several parametrizations could hopefully describe different ranges of the dependence of nuclear observables (as the symmetry energy coefficients) with these variables.
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